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Reactions monitored by NMR.

In a typical reaction, 11 (14.0 mg, 0.29 mmol) was dissolved in a mixture of CDCl; (0.15 mL)
and trifluoroacetic acid (CF;CO;,D or CF;CO,H) (0.45 mL) at 0°C. Following brief agitation
of the sample with a vortex mixer to ensure dissolution and homogeneity of the sample, it was
transferred to the NMR spectrometer, with the probe pre-cooled to 0°C. Following locking
and shimming, data could be collected, typically within 3-4 minutes of mixing the sample.
Where samples were monitored for extended times (days / weeks), the samples were stored in

a laboratory which was regulated to 20 + 1°C.

15: 'H NMR (CDCIl3/CF3CO;H), 500.13 MHz, 273 K) & 7.93-8.01 (2 H, ,

m, 6,7-Hy), 8.05 (1 H, d, J 8.0 Hz, 5-H), 8.11 (L H, s, 3-H), 8.42 (1 H, d, J +NH3
8.5 Hz, 8-H); *C NMR (CDCly/ CFsCO.H, 125.77 MHz, 293 K) & OO
101.44 (1-C), 116.90 (3-C), 120.96 (5-C), 126.61 (4a-C), 127.75 (4-C), *NH3
129.38 (2-C), 131.81 (6-C), 132.34 (7-C), 134.72 (8-C), 135.96 (8a-C).
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Figure 1. *H NMR spectrum of 15 at 0°C, showing small amounts of 11 (*) formed.
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16: *H NMR (CDCI5/CF5CO,H, 500.13 MHz, 293 K) & 6.05 (1 H, s, 3-
H), 6.51 (L H, s, 1-H), 7.58 (1L H, t, J 7.8 Hz, 6-H), 7.70 (L H, t, J 7.8 Hz,
7-H), 7.75 (L H, d, J 7.8 Hz, 8-H), 7.84 (1 H, d, J 8.0 Hz, 5-H); *C NMR
(CDCly/CF3CO;H, 125.77 MHz, 293 K) § 9.79 (1-C), 91.49 (3-C), 121.68
(4a-C), 124.16 (5-C), 129.93 (6-C), 131.48 (8-C), 135.01 (7-C), 141.25 (8a-C), 164.30 (4-C),
173.50 (2-C).

*NH;

6.510
6.049

1 018
—}
1.030_
7
" -
1.355
\
m——
0.975

Figure 2. "H NMR spectrum of 16 at 20°C, showing small residual amounts of 10 (*).
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Figure 3. HSQC NMR spectrum of 16 at 20°C, showing the peak for CHI at & 6.50 (*H) and & 9.54 (**C).
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Figure 4. "H NMR spectrum of 17 with traces of 18 (*), following reaction of 11 with CF;CO,D / CDCl; at
0°C.
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Figure 5. "H NMR spectrum of 18 with traces of 17 (*), following reaction of 11 with CF;CO,D / CDCl; at
20°C. Note the reduced intensity of the peaks at 5 6.50 and & 6.08 where deuterium has exchanged in the

Wheland-type molecule and the peak at 6 8.14 showing that deuterium is present in 17.

0.214

20: *H NMR (CDCly/CFsCO,H, 500.13 MHz, 293 K) & 7.88-7.99 (2 H, *NH3
m, 6,7-Hy), 8.05 (1 H, s, 2-H), 8.10 (L H, d, J 8.2 Hz, 8-H), 8.14 (1 H, d, J OO

7.7 Hz, 5-H), 8.28 (1 H, s, 1-H); *C NMR (CDCI/CFsCO;H, 125.77 *NH3
MHz, 293 K) & 116.62 (2-C), 120.05 (8-C), 125.19 (3-C), 126.05 (4-C),

126.73 (4a-C), 129.87 (5-C), 130.57 (6-C), 131.27 (7-C), 134.29 (1-C), 134.33 (3-C).
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Figure 6. "H NMR spectrum of 20 and 21 (*) shortly after dissolution of 9 in CDCly/CF;CO,D at 0°C.
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Figure 7. Expansion of Figure 6 to show aromatic region in more detail.
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Figure 8. HSQC NMR spectrum of 20 and 21 showing CH, of the Wheland-type species at & 4.13 (*H) and &

33.27 (®C)
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Figure 9. "H NMR spectrum of 22 and 23 (*) shortly after dissolution of 4 in CDCly/CF;CO,D at 0°C.
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Figure 10. Expansion of Figure 9 to show aromatic region.
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Figure 11. *H NMR spectrum of 22 and 23 (*) 48 h after dissolution of 9 in CDCIy/CF;CO,D.
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Figure 12. 'H expansion of Figure 11 to show aromatic region. Note the diminished intensity of the singlets
at 8 8.28 and & 8.05 due to exchange of H with D at 1-H and 3-H in 22.

21: *H NMR (CDCly/CFsCO,H, 500.13 MHz, 293 K) & 4.13 (2 H, s, 4-
H,), 6.01 (L H, s, 2-H), 7.55 (1 H, d, J 7.9 Hz, 5-H), 7.61 (1 H, t, J 7.5 Hz,
7-H), 7.74 (L H, t, J 7.5 Hz, 6-H), 7.87 (1 H, d, J 7.9 Hz, 8-H); *C NMR

*NH;

(CDCI/CFsCOH, 125.77 MHz, 293 K) §33.27 (4-C), 93.58 (2-C),
123.02 (8a-C), 123.22 (8-C), 128.85 (7-C), 129.29 (5-C), 134.31 (6-C), 136.52 (4a-C), 165.73

(1-C), 171.87 (3-C).

27: 'H (500.13 MHz, CDCIs/CF3COzH, 273 K) & 7.84 (1 H, t, J 7.5
Hz, 6-H), 7.88 (1 H, t, J 7.5 Hz, 1H, 7-H), 7.97 (1 H, d, J 8.2 Hz, 5-
H), 8.44 (1 H, d, J 8.6 Hz, 8-H), 857 (1 H, s, 3-H); *C NMR
(125.77 MHz, CDCI3/CF5CO,H, 273 K) & 99.94 (1-C), 116.65 (g, J
108.8 Hz, CF3), 116.71 (3-C), 120.59 (5-C), 125.48 (4a-C), 126.84 (4-C), 130.40 (6-C),
131.40 (7-C), 133.71 (2-C), 134.58 (8-C), 135.68 (8a-C), 158.24 (g, J 40.3 Hz, C=0).

O O NHCOCF;

*NH;
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Figure 13. *H NMR spectrum of 27 in CDCIl5/CF;CO,D.
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Figure 14. *H NMR spectrum of 29 in CDCIl5/CF;CO,D.
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29: 'H (500.13 MHz, CDCI5/CF5CO,H, 273 K) § 7.75-7.81 (2 H, m, NHCOCF;
6,7-Hy), 7.95 (1 H, m, 8-H), 8.04 (1 H, m, 5-H), 8.18 (1 H, d, J 1.9 OO

Hz, 2-H), 8.29 (1 H, s, 4-H), 9.31 (NH); *C NMR (125.77 MHz, *NH3
CDCI5/CF5CO,H, 273 K) & 116.10 (g, J 103.7 Hz, CF3), 116.48 (2-

C), 119.63 (8-C), 123.08 (4-C), 125.15 (8a-C), 125.91 (1-C), 129.74 (6-C), 129.79 (5-C),
129.80 (7-C), 131.52 (3-C), 134.81 (4a-C), 157.58 (g, J 39.1 Hz, C=0).
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Figure 15. *H NMR spectrum of 29 and 30 (*) 48 h after dissolution of 26 in CDCIs/CF;CO,D.
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Figure 16. *H NMR spectrum of 7 in (CD3),SO.
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Figure 17. **C NMR spectrum of 7 in (CD5),SO.
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Figure 18. HSQC NMR spectrum of 7 in (CDs;),SO.
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Figure 19. HMBC NMR spectrum of 7 in (CD3),SO.
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Figure 20. *H-"H COSY NMR spectrum of 7 in (CD3),SO.
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Figure 21. *H-'"H NOESY NMR spectrum of 7 in (CD3),SO.
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Figure 22. *H NMR spectrum of 8 in (CD3),SO.
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Figure 23. **C NMR spectrum of 8 in (CD5),SO.
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Figure 24. HSQC NMR spectrum of 8 in (CDs),SO.
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Figure 27. **C NMR spectrum of 10 in CDCls.
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Figure 31. Expansion of part of *H NMR spectrum of 11 in CDCl,,.
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Figure 34. HSQC NMR spectrum of 11 in CDCls.
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Figure 48. *H NMR spectrum of 25 in (CD5),SO.
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Figure 51. **C NMR spectrum of 25 in (CD3),SO.
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Figure 54. Expansion of part of HSQC NMR spectrum of 25 in (CDs),SO.
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Figure 55. HMBC NMR spectrum of 25 in (CD3),SO.
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Figure 56. Expansion of part of HMBC NMR spectrum of 25 in (CDs;),SO.
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Figure 57. *H-'"H NOESY NMR spectrum of 25 in (CD5),SO.
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Figure 58. Expansion of part of *H-*H NOESY NMR spectrum of 25 in (CD5),SO.
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Figure 60. *H NMR spectrum of 26 in (CDCls.
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Figure 62. **C NMR spectrum of 26 in CDCls.



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

EAT3/56

13
1

W F O NGO~ ~ o ™
o0 N 0o -Hwm N N ™ o)
— © o uwnd oo ¢ o
n <+ N n <N @ O L —
non oin M m NN~ o~
et te) Mmoo om N OO N N
— —

—116.924
—114.624
—113.255

1
1
1
1
1
—1

~1

T T T T T T T

T T T
160 155 150 145 140 135 130 125 120 115 110 ppm

— T

Figure 63. Expansion of part of **C NMR spectrum of 26 in CDCls.
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Figure 64. HSQC NMR spectrum of 26 in CDCls.
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Figure 65. Expansion of part of HSQC NMR spectrumof 26 in CDCls.
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Figure 66. HMBC NMR spectrum of 26 in CDCls.
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Figure 67. Expansion of part of HMBC NMR spectrum of 26 in CDCls.
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Figure 68. *°F NMR spectrum of 26 in CDCls.



